Semiconductor lithography has progressed remarkably during the past half-century, driving the evolution of our informationoriented society. Repeated replacement of exposure tools with newer ones working at higher energy (shorter wavelengths) has led to the resolution of semiconductor lithography capable of writing 45nm features, even for high-volume production lines. The next generation of semiconductor lithography, with a resolution target of 16nm features and lower, will enter a new era characterized by ionizing radiation. This includes extreme ultraviolet (EUV) radiation of energy >92.5eV.
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In our work, we use a highly sensitive chemically amplified photoresist to perform semiconductor lithography. In chemically amplified resists, acids generated upon exposure catalyze the chemical dissolution of the resist polymer. One of two major issues in the development of EUV resists is the trade-off relationships between resolution, line-edge-roughness (LER), and sensitivity. LER is the sidewall roughness of resist patterns and significantly affects the device performance. The second major issue is the difference between sensitization mechanisms. Because the EUV photon energy is greater than the ionization potential of resist materials, the sensitization process is initialized not by the electronic excitation of photosensitizer, but by the ionization of the resist polymer. 1 We have investigated the nanochemistry induced in resist materials on the basis of sensitization and LER formation mechanisms to obtain the design guide for EUV resists, which is different from that for vacuum UV resists. Figure 1 shows the schematic drawing of the formation mechanisms of LER. In chemically amplified resists, an aerial image of incident photons generated by an exposure tool is converted to an acid image. The acid image is then converted to a so-called We have analyzed the dose-pitch matrices of line width and LER of state-of-the art resists (see Figure 2) . 2, 3 The proportionality constant between LER and chemical gradient was 0.14-0.31, depending on the material and process factors associated with the development and rinse processes. The
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effective reaction radius for the catalytic chain reaction was 0:1nm. This indicates that the reaction proceeded efficiently, considering that the radius of acid anions is 0:3nm. Besides the effective reaction radius, the chemical gradient is determined by the aerial image quality of incident photons, exposure dose, the absorption coefficient of the resist, and the quantum efficiency of acids. The absorption coefficient and the quantum efficiency of state-of-the-art resists are 4 m 1 and 2, respectively. For reducing LER without sacrificing resolution and sensitivity, it is necessary to increase the absorption coefficient, quantum efficiency, and effective reaction radius.
Among the factors related to the resist performance, the absorption coefficient is a key to the resist development toward 22nm pitch (11nm features). In the resist design for vacuum UV, the absorption coefficient can be increased simply by increasing the concentration of photosensitizer. However, the increase of absorption coefficient of EUV resists requires the increase of the absorption coefficient of the resist polymer. Actually, it is not difficult to increase the absorption coefficient of the polymer, because the absorption coefficient against EUV is determined, not by chemical bonds but the photoabsorption cross sections of atomic elements. The problem is that the introduction of new atomic elements to the polymer significantly changes the chemistry induced in the resist films. It is not an easy task to increase the effective reaction radius of chemical reactions in the new resist platform to the same level as that in well-studied organic resist polymers.
In summary, we have investigated resist patterns fabricated using an EUV exposure tool on the basis of reaction mechanisms. To simultaneously meet the requirements of resolution, LER, and sensitivity, it is essential to enhance the absorption coefficient of the resist, the quantum efficiency of acids, and the effective reaction radius of catalytic chain reaction. In our future work, we will investigate the nanochemistry in high-absorption materials to create a highly efficient reaction system for semiconductor lithography.
